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ABSTRACT

A series of HE Tests was planned at the Nevada Test Site pre-
paratory to the nuclear explosions in Operation JANGLE. These HE shots
were designed to obtain, under similar conditions, data to be used as
a basis for making predictions concerning the phenomena to be studied

jduring the nuclear exp losions

The HE program, as originally conceived, was expanded to permit
further study of the base surge and crater phenomena.)

Ten HE shots (a total of thirteen explosions) were conducted in
the upper Yucca Flat and Frenchman Flat areas.

Practically all of the instrumentation by the various participat-
ing agencies was done on the first series (HE-l through HE-i).) With a
few minor exceptions, all instrumentation performed in a satisfactory

manner,-~

, Shot IIE-2 consisting of 40,000 pounds of TNT was fired with the
c. g. 4.63 feet below the surface. There was a high order of detonation
and the shot was completely successful.Te -ttn were
noted as a result of this shot:

a. The ground acceleration phenomenon 4alls at a different
attenuation factor than anticipated in the predictions from
Lampson's work. This factor more nearly fits a square function
than a fourth power law.

b. There is good agreement between the HfE-1 and HE-2 results and
it should be possible to extrapolate from HE to the nuclear.

c.. Air blast has scaled from 1 pound of TNT to the large HE shots
and should continue to the nuclear range. Air pressure
measurements showed a true blast wave. Considerable under-
ground shock can be anticipated from the air blast.

d. The various methods of measurient between different agencies
were in excellent agreement. There should be no question
concerning the measurement technique on the nuclear tests.

Meteorological data was cn-fully recorded for each shot in order
to study the base surge and fali--ut phenomena, Pie pan dust collect-
ors were used on some of the shots for a simplified study of fall-out.

SECRET RESTRICTED DATA
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The base surge formation in HE-7 was so slight that it was not
considered necessary to fire additional shots to confirm the curve in
Figure 1.1..,

It was tentatively concluded that there is little difference in
the above ground activity produced by T1T and Pentolite.

It is certain that some minimum density of soil is required in the
plume in order to produce the downward sweep of dust which, at ground
level, moves outward as a base surge. The density is produced by
blowing a large volume of earth a relatively short distance up into the
air. The closer the charge to the surface (smaller values of Xc), the
smaller the crater and greater the height of plume, hence, lower density
and loss base surge contribution.

Inasmuch as the phenomenology is so complex and only limited HE
tests were conducted, it is very difficult to come to any clear-cut
set of conclusions to use as a basis for predicting what will occur in
the way of craters. and base surges for the nuclear shots. However, on
the basis of these limited tests, the folloving guesses are made:

a. For the surface nuclear shot, a base surge appears very un-
likely. The crater radius should be 80-90 feet while the
crater depth should be 25-30 feet. The maximum cloud height
should be 12,000 feet.

b. For the undarground nuclear shot, there will be a considerable
amount of throw-out at the base of the plume which may be mis-
taken for a base surge. The probability of a base surge
appears small. The crater radius should be 140-150 feet; its
depth should be 50-60 feet. Kaximum cloud height should be
6,000 feet.

Since it is an observed fact that the crater diameter is a readily
scaled parameter for inderground T!TT explosions, the immediate observa-

ji tion (photographic or otherwise) of the underground crater diameter
may be a simple and reliable method for determining equivalent TNT
mechanical yield of the nuclear weapon.

Of course, if predictions were always right there would be no need
for experimental programs and field tests.

-vii. -
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SECTION 1

INTRODUCTION

1.1 G~IErP.A

A series of large scale TNT explosions fired by the Army Corps of
Engineers at the DtV:viay Proving Ground has indicated that a base surge
formation vas iost probable at Ac=O.5 ( X c 

= depth to c.g. divided by
!113 where "I is the e.uivalent TT weight in pounds) and, rith decreas-
ing values of )c., the possibility of a base surge decreased so that
there is a good chance of no base surge occurring atXc-O.17. This is
shown diagrar atically in Figure 1.1.

The series of HE tests at the Hevada Test Site iras designed pri-
marily to obtain, under similar conditions, data to be used as a basis
for maling predictions concerning the phenomena to be studied during
the nuclear tests of Operation JANGLE.

Originally a series of four HE explosions was planned. However,
before this series was completed, it was decided to continue the tests
with a second series with particular attention to the study of craters
and base surges since plans called for the underground shot to be fired
at Xc= 0.135 and TIT charges HE-l and IF,-2 in the first series, with
Xc= 0.15, had not produced base surges. The course of action for the
second series of shots outlined in Table 1.1 was developed in consulta-
tion with Dr. Herbert Scoville Jr., AFS., Dr. Pete Swift, NOL, and
CArM Frank I. "finant, -SI, SC.

1.2 AYOUT OF TESTS

The original series of :,i-h explosive tests (HE-1 through HE-4)
A was conducted in the JA IGLE area of upper Yucca Flat at a location 1

midway between points S and U. The second series of tests was conduct-
ed in Frenchman Flat about one jile west of the northern half of the
dry lake. Soil conditions al-peared to be similar in the two regions
and prLarily consisted of a powdery sand raixed with so:ae gravel. The
Frenchman Flat site had a greater number of rocks and boulders.

F ' .. .. i,, IaFCR Iaf noaAO Int .rIrDATA ---
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TABLE 1.1

Base Surge Studies 41

BS

HE-5 250#

BS B

r-6 2560# HE- -- :40# HE

1 X0.22 I20.0 XC 0 *5 0  Charge

BS '14BS

EH-7 25Rfl HE-.4(
-,5 x c.191 1.0' xc0 1.28

- 3 / -I __ _ _ _ __ _

BS BSBSTNT PENTOLITE

- 6 (HE- 8 2 HE-8 177#

0,5..=., *5 ,.-0 2 .0 xB Flt hrg0

3. x3c=O. 8 4 218" >.c::.18
BS BSES-9 216# HE-9 177#

HE-1 25601 PE-2 40,00
-0.51 150 x 0 -014 1 1/811 -xc 0 * 4

0. 1c=0.1 I.' c

BS HF-9 216# HE-10 177#

NBS ?s 6" -c--0.5! 27 1/8" -%c=05

The HE-number indicates the number assigned to actually conducted shots.
Number in upper right had corner is the charge weight. Loer left hand corner
is the dirt cover from the top of the charge to the surface. Values for* c are
given in the lower right.

W = 40,000 b-l/3 = 34.2 W = 400 b - W 1/3 :7.4
W = 2560 ib - r 1 3 = 13.68 W = 216 !b - W1/ 3  6.0

"2-
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SE CTION 2.

TIE I E SHCTS

2.1 2110T THE-I ('Xc-0.15) :

This shot consisted of 2560 pounds of T.:"T with the center of -ravi-
ty at a depth of 2.01 feet below the ground surface. It was fired on
25 August at 0915 PST. The detonation was of high order and copletely
successful.

During the period i-aediately follovin;7 the explosion the surface
wind averaged approxirately 3 mph from .6G' E. The surface temperature
was 86.59 F. The relative htumidity at the ,.r Force 'eather Station,
18 miles from the site, was 12 per cent. Ihiediately following the
detonation there was observed a throw-out of streamers vihich appeared
to travel several hundred feet radially outward. A considerable fall-
out of dirt occurred in the inrvediate vicinity of the crater. A cloud
of dust rose to a height of approxifmately 1500 feet and drifted in a
southwest direction. This cloud dissipated within 45 linutes.

ith a few minor exceptions, all instrumentation apparently per-
formed in a satisfactory m.ianner. Ground acceleration neasrements
appeared to run from 2 to 20 times the values predicted from theory.
The factor increased rith incrrc.sing distance. This vias of consider-
able interest in setting gage ranges for subsequent HE and nuclear
shots. This infornation was also of interest in the layout of Program
Three structures.

2.2 SHOT tlm--2 (X,,=0.15)

This charge of 40,S00 pounds of Ti.T, with the center of gravity
4.63 feet below the ground surface and the upper edge tangent to the
earth surface, was fired at 0'.0 PST on 3 September 1951. The detona-
tion was of a high order and completely successful. A considerable
throw-out was observed. A number of streamers appeared to travel out
on trajectories having elevations between 300 and 1450 . The rAjority
of the throv-out fell within 500 feet of ground zero. A large cloud
of dust, starting with a 500-foot diameter rose to an estisated height
of 2,000 to 3,000 feet. Tais cloud 'toved slowly north and was ob-
served over the urdegrolund site one hour and fifteen rdinutes after
firing. A considerable fall-out occurred in the inriediate vi cinity of
ground zero and continued along the ruth of th-e cloud nove..ent. A
clefinite darkening of the ground as observed cut to 2,500 feet in a

-4-
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TABLE 2.1

Permanent Displacements, Shot HE-1

Radial S50° E N 80 0 E S 85° W N 50W
Distance AR AT LR AT OR LT AR A T

28.00 .34 0.03 0.21 -0.12 0.53 0.15 0.43 0
32.00 .19 0,06 0.09 -0.12 0,42 0.13 0.29 0.04
36.00 .18 0.04 0.02 -0.13 0.18 0.15 0.13 0.09
40.00 .15 0.03 0.01 -0.13 O12 0.17 0.05 0.10
44.00 .15 0 0.01 -0.08 0.09 0.19 0.02 0.05
48.00 D D 0.01 -0.02 0.09 0.19 0.04 0.08
52.00 .20 0 -0.01 -0.08 0.04 0.9 -0.07 0.09

4 56.00 .12 0 -0.01 -0.06 0 0.24 -0.11 0.10
60.00 .10 -0.01 -0.02 -0.05 -0.02 0.5 -0.06 0.07
64.OO .10 0 -0.03 -0.05 D D -0.06 0.08
68.00 .11 0 -0.03 -n.04 -0.01 0.22 -0.11 0.12
72.00 .11 0 -0.02 -0.04 -3.03 0.22 -0.07 0.07
76.00 .11 0.02 0 -0.01 0 0.22 -0.08 0.08
80.00 .10 0.02 0 -0.03 -0.02 0.24 -0.11 0.09

1 84.00 .10 0 0 -0.05 -0.02 0.26 2.0 0.09

A R-I Radial Displacements - Positive in direction away from ground zero
in feet. d T = Tangential. Displacements - Positive is left of

radial line in feet. D= Damaged Stake.

T.BE 2.2

Crater Data, Shot HE-I

R S 40 E M 40° W S 50' W 1-1 500 E
Eal Er Ea Er Ea Er Ea Er

0 -6.8 -. -. 8 -7.6 -6.8 7.6 -6,8 -7.6
3 -5.4 -6.5 -6.7 -7.5 -3.8 -5,6 -5.0 -6.0
5 -4.5 -6.1 -6.1 -7.0 -2.8 -4.8 -4.4 -5.7
8 -3.1 -5.3 -5.5 -6.0 -1.5 -3.7 -2.2 -5,0
10 -3.0 -4.5 -3.5 -5.7 -1.3 -3.5 -1.6 -4.7
14 -2.1 -3.0 -P.4 -3.9 -9.7 -2.5 -0.8 -2.5
18 -o.6 -1.5 -0.5 -2.5 -0.1 1.6 -0.2 -1.2
20 0.8 -0.2 1.9 -1.8 0 3.1 1.0 -0.8
21 1.2 0 2.5 -0.7 0 3.7 2.5 -o.6
23 0.8 0 2.0 -0.5 0 0 2.0 0.1
25 0 0 1.5 -0.1 0 0 1.2 0.2
29 0 0 0 0 0 0 0.2 0

i R=Radial distance from zero in feet. Ea Apparent Crater elevation in
feet. Er =Real crater elevation in feet.
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Fig. 2.1 Average Crater Contours for 40,000 Pounds of TNT on Shot HE-2
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northerly direction. A crater remained which had a diameter of approxi-
mately 80 feet and a depth of 15 feet. A careful excavation was made

e. to remove the fall-back material, however, the earth shattered to such
an extent that no good data could be obtained. One hard spot was loca-
ted at the center approximately ll feet below the level of the appar-
ent crater.

Information on winds aloft at the test site just prior and after
.the detonation is given in Table 2.3.

TABLE 2.3
Wind Data, Shot HE-2

TflLE - 0845 TII - 0915
k1titude Above Velocity Wind From Altitude Above Velocity Wind From
Ground (Feet) mph Ground (Feet) mph

0 5 S 0 S
1300 7 S 1000 6 S 200 E
2300 4 S 2200 4 S 10 E
3600 3 S 3400 3 S 200 E
4600 9 s 30 E 5600 14 S 40' E
560o 12 S30 E 7800 7 S 20° E

10,600 1 15 1S 450 T

The surface temperature at the time of the explosion was 80.60 F and the
relative humidity was 14 per cent.

As a last minute attempt to obtain some crude information on the
close-in fall-out, 36 pie pans were distributed around the target area.
Information frpm the pie pans as well as the observed distance of the
ground discoloration (carbon fall-out) is given in Table 2.7.

Instrnentation perforince was excelIent as there were practically
no failures. Performance was such that the Naval Ordnance Laboratory
and the allistic Research Laboratories did not require additional tests
(HE-3 and IH-4) prior to the nuclpar shots. The Stanford Research
Institute fully instrumented the remaining tests.

Results are reported by the participating agencies. However, some
tentative indications follow:

SA.a. The ground acceleration phenomenon falls at a different attenua-

tion factor than anticipated in the predictions from Lampson, s
work. This factor more nearly fits a square function than a
fourth power law.

i See project reports of the Naval Ordnance Laboratory, the BallisticResearch Laboratories, Stanford Research Institute, and the David Taylor

Model Basin published in the JANGLE report series.

7
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'TABLE 2.4

Permanrqnt Di-placements '

(Hubs on S 20 W Blast Line)
Shot HE-2

Radial Distance Final Position, Post-Blast
From Zero, Pre-Blast North East Elev (+U .

i59-09 -1.03 0.2_2 0.38
71.06 -0.53 -0.09 0.28
86.05 -0.10 0.29 0.07

102.67 -0.08 -0.640 0.04
123.2-0 0.05 0.14 0.03
147.61 0.08 0.08 0.03; 177.86 0.07 0.05 0.02

217.03 0.03 0.05 0.03
262.17 0.01 -0.02 0.03
314.98 0.01 -0.04 0.03
378.25 -0.02 -0.10 0.02

b. There is good agreement between the IE-l and WE-2 results and
it should be possible to extrapolate from M to the nuclear.

C. Air blast has scaled from 1 pound of TNIT to the large HE shots
and should continLe to the nuclear range. Air pressure measure-
merits showed a true blast wave. Considerable underground shock
can be anticipated from the air blast.

d. The various methods of measurement between different agencies
were in excellent agreement. There should be no question con-
cerning the measurement technique on te nuclear tests,

e. HE-2 crater contours are shown in Figure 2.1.

2.3 SHOT IM-4 (),=-0.ls)

This charge, the third in order of firing, consisting of 2560
pounds of TNT, was fired at 0940 PST on 9 September 1951. Its center
of gravity was 24E inches above the ground surface with the lower edge

4tangent to the earth surface. The detonation was of a high order.

A cloud of dust was raised from the earth's surface to heights
estimated by observers to be between 1,000 and 1,500 feet. This cloud
traveled in a southerly direction and was dissipated within a half hour.
The prevailing winds which have been observed by te.t personnel in this
location are from the south. On tio occasions the uind has been frnm

-8-
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TABLE 2.8

Wind Data, 0 to 11,010 Feet Altitude, Shot IM4a -

,T-90E 09,50
Altitude b Wind c  Wind d Wind Wind

Direction Velocity Direction Velocity

0 090 15 020 13
1170 020 21 020 16
2310 020 24 010 14
3450 020 21 350 10
4560 360 15 300 15
5670 310 16 300 19
6700 290 17 310 21
7830 290 21 310 22
8910 290 23 320 16
.9960 300 18 350 9

11,010 320 10 340 9

TABLE 2.9

Wind. Data, 12,030 to 19,800 Feet Altitude, Shot IIE4a

TINE -0930 TINE -0O950
Altitudeb Windc  Wind Wind Wind

Direction Velocity Direction Velocity

12,030 330 8 340 9
13,020 340 13 340 9
14,010 340 15 350 16
15,000 340 26 340 23
15,960 340 30
16,920 350 25
17,880 350 34
18,840 360 34
19,800 010 30

aThe surface temperature at the time of the explosion was 84.20 F and

the relative humidity was 12 per cent.bExpressed in feet above ground surface.
C3 6 0 0 N, 900 =E.

Expressed in miles per hour.
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RESTRICTED DATA SECRET
ATOMIC ENERGY ACT 1946 eu1yWuta



SECRETt
Smuuty Iolm ka

- c RG( -z "

0, 0 0 0N

oo

tot

o H 0
H0 c0 05 c0

0)
it 00 UN4 0 H- 0 CH- r-4* * .

'6 H 0 0 00

z 0 02

H O 0 0 0 0

to 0- 0 H0

4 6 0 0 0

N 0-4 0

-~ ~ 14 0 0

p 08

-13

SECRET RESTRICTED DATAScuuffy laifonz~o ATOMIfC ENERG3Y ACT 1946



SECRET
t W= 1(9)-3 o s n

the north. By coincidence, these were the days of tests HE-I and HE-4.
Since the winds were gusty, any individual set of observations may not
give a completely true picture, however, some readings taken just prior
and after th6 detonation are given in Tables 2.8 and 2.9.

Some aerial dust samples were collected by a C-47 equipped with
Stanford Research Institute filters. Pie pan collecto:rs were used for
ground fall-out measurements. Results are given in Table 2.10. There
appears to be no consistency in these measurements and this may be
attributed to the nature of the wind at the time of the test and be-
tween the time of the test and collection.

The Stanford Research Institute performed all medium instrumenta-
tion. Recording was 100 per cent successful with the exception of one
air pressure gage which was damaged by the blast. A hasty examination
of the records indicated that there may have been a larger coupling
than was anticipated.

TABLE 2.31

Permanent Displacements
(Hubs on S 500 W Blast Line)

Shot HE-4

Radial Distance Final Position, Post-Blast
From Zero, Pre-Blast North East Elev +Up)

23.48 0.06 -0.14 -0.01
28.56 0.03 0.05 -0.04
33.93 0 0.02 -0.06
41.17 0.02 -0.08 -0.06
44.59 0.03 -0.06 -0.04
59.06 -0.01 -0.01 -0.06
71.08 -0.01 0.10 -0-05
85.82 0.02 -0.0$ -0.05

102.63 0 -0.02 -0.03
148.32 0,05 -0.06 -0.05

Shot HE-3 (the fourth in order of firing) was a charge of 2560
pounds of TNT with the center of gravity 6 feet 9L inches belcW ground
surface and the upper edge 4 feet 9 inches below the ground surface.
It was fired at 0840 PST on 15 September 1951. The detonation was of
a high order and completely successful.
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TABE 2.13

Crater Data, Shot HE-4

R N 5E R N 50E R S 850 E R S 40 E
Ea Er Ea Er Ea Er Ea Er

0 -1.9 --2.1 0 -1,9 -2.1 0 -1.9 -2.1 0 -1.9 -2.1

2 -1.9 -2.1 2 -1.9 -2.0 2 -1.9 -2.0 2 -2.0 -2.2

5 -0.1 -1.5 5 -0.3 -0.9 5 -0.2 -1.1 6 -0.1 -0.4

8 0.2 0.2 8 0.2 0 7 0.7 0.4 9 0.2 0.1

25 -0.1 14 0.3 0.2 27 0.2 31 -0.2

51 -0.1 30 0.2 47 -0.7 55 0

84 -0.1 87 0.4

R S 50 V R S 50 0 ' R N 85 0 If R N400 W
EM. Er EEL Z-r Ea Er Ea Er

0 -1.9 -2.1 0 -1.9 -2.1 0 -1.9 -2.1 0 -1.9 -2.1

2 -2,1 -2.2 2 -1.8 -1.9 3 -1.6 -1.8 2 -1.9 -2.0

6 -0.2 -1.2 6 -0.4 -1.2 5 -0.4 -0.6 6 -0.3 -1.3

9 0.2 0.1 8 0.1 -0.1 8 0.1 -0.2 7 0 -0.2

24 0 22 0.1 28 -0.1 23 -0.2

61 0 56 0 50-0.2

R - Radial distance in feet.

Ea -Apparent crater elevation (+ up)

Er Real crater elevation (+up)
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Information on winds aloft at the test site just prior and after
the detonation of hE-3 is given in Table 2,14..

TABLE 2.14

Wind Data, Shot HE-3a

TILE 0930 TILE 0950
Altitudeb Jindc "Jindd  Wind- Windu

Direction Velocity Direction Velocity

0 050 16 030 18
1,170 050 17 030 27
2,310 070 13 050 24
3,450 090 8 070 17
4,560 080 9 080 10
5,670 080 9 080 6
6,750 090 7 070 6
7,830 110 7 080 7
8,910 130 6 150 7
9,960 140 7 130 7

15,000 - - 150 12
16,920 130 2
20,760 260 7

a The surface temperature at the time of the explosion was 76.40 F and
the relative humidity was 32 per cent.

b Expressed in feet above ground surface.
c 3600 = N, 909 = E.
d Expressed in miles per hour.

A considerable throw-out was observed as the result of shot HE-3
with trajectories between 300 and 450 . The i'djority of this throw-out
appeared to fall within a few hundred feet of ground zero. A crude

exarmination of the ground around point zero after the shot gave the
large particle count per s uare foot as shown in Table 2.15.

A nmber of rocks fell at distances greater than 280 feet. One
rock, approximately i inc!s in diameter and weighing 114.9 grams,
was observed t6 fall 3,500 feet from ground zero.

- 17 -
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TABLE 2.15

Large Particle Count Around Zero, Shot hE-3

Max. Dimension Inside 70 ft 70 ft-l40 ft 140 ft-210 ft 210 ft-280 ft

4 inches 7 1/10 None None
2 inches 16 2 1/5 1/10
1 inch 27 6 1 1/5

The explosion appeared to break through the ground in a manner
similar to that observed for the previous tests (HE-l, HE-2, Duiay,
etc.). The plume rose to approximately 500 feet. At a time between
10 and 20 seconds after the explosion, a base surge formation appeared
through the throw-out dust. Initially, this base surge had equal di-
mensions around the zero point, however, in short order the upwind travel
ceased and the surge moved with the wind in a southwest direction. The
plume almost immediately descended into the surge so that the height of
the dust cloud was approximately 100 feet. The downind (leading edge)
of the base surge reached the 2,000 foot mark 50 seconds after the deto-
nation and reached 5,000 feet 2 minutes and 20 seconds after the zero
time. Between one and two minutes after the detonation, the surge ex-
panded so that the top was roughly at 500 feet as the cloud passed the
5,000 foot mark. Travel in a direction normal to the direction of the
wind was similar on both radii. By the time the surge reached the
5,000 foot mark, the ".normal" diameter was estimated by observers to
be between 3,500 and 4,000 feet. The upirind face of the surge followed
the cloud movement and was estimated to be approximately 750 feet in
the direction downwaind from ground zero at 2 minutes and 20 seconds
after zero time. The base surge eventually became an appreciably sized
cloud of dust. It was 500 feet high at 5 minutes after zero time and
was moving in the southwest direction. It was observed in a somewhat
diffused condition 30 minutes after the blast.

Some samples of dust were collected on shot HE-3 by a C-47 equip-
ped with Stanford Research Institute filters. Eighty four pie pan
collectors, such as those used for shots HE-2 and HE-4, were used for
ground fall-out measurements. Results are given in Table 2.16.

The Stanford Eosearch Institute performed all medium instrumenta-
tion on shot HE-3.

- 18 -
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TABLE 2.17

-L Crater Data, Shot IE-3

R N5E 1 5:PE S 8!PE S 40PE
B Er. Ea Er Ea Er Ea Er

0 -10.8 -11.0 10.8 11.0 10.8 11.0 10.8 11.0

3 -1o.8 - -10.8 - -10.9 - -10.9 --

9 - 8.0 - 8.3 -..

13 ..- -5.5 -5.9 --

35 - .. .-4.9 -5.6 -- - 5.9 - 6.3

23 2.1 1.0 L.3 0.7 1.8 1.4 0.8 - 0.3

36 0.1 0.1 0 0 0.1 0.1 0.1 0.1

R S 5°' w S 50W N 850 71 N4& V1

Ea Er Ea Er Ea Er Ba Er

(2 -10.8 11.0 -10.8 -. 0 -10.8 -11.0 -10.8 -11.0

3 -10.8 - 10.5

9 - - - 6.9 -7.6

13 - - - 6.1 - 6.8 ---

15 - 5.9 - 6.5 -- -- 5.2 -5.9 -5.5 - 6.1

23 0.8 - 1.2 1.6 - 0.3 1.0 - 0.1 i.1 0.5

36 0.1 0.1 - - 0.1 0.1 --

R Radial Distance From Zero In Feet.

Ea - Apparent Crater Elevation In Feet.

Er= Real Crater Elevation In. Feet.
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TALE 2.18
Permanent Displacements

(Hubs on S 5O W Blast Line)

Shot hE-3

Radial Distance Final Position, Post-Blast
From Zero, Pre-Blast North East Elev (+ Up)

28.70 -1.59 -0.56 0.58

34.04 -0.02 -0.31 0.12

l.17 -0.01 -0.05 0.07

49.-3 0.01 0.02 0.03

59.04 -0.04 0 0.04

71.17 -0.02 -0.09 0.01

85.53 -0.07 0.02 0.01

102.68 0 -0.01 -0.01

148.13 -0.05 0.01 0.01

178.22 0 -D.01 0
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2.5 SHOT HE-.(" 3

Shot HE-5 was the first of the second series of shots since only
!our were planned origiilly. The first four shots were fired in
upper Yucca Flat and this second series was fired in Frenchman Flat.

On 30 September 1951 at 0800 PST, shot HE-5, consisting of 2560
pounds of TNT, was fired. Observers noted a considerable throw-out
of streamers in the initial phases. A column of dust estimated to be
80 feet in diameter rose to between 450 and 500 feet. At 10 seconds
after the detonation a base surge was observed to form. This surge
traveled outward reaching a 500 feet radius in 3D seconds and a 750
feet radius at one minute. The central plume appeared to form one
mamrth cloud of dust ;*ich floated away vith the wind.

Camera stations were placnd 5,000 feet east and 5,000 feet south
of the center point of the eyplosion area. HE-5 was fired 100 feet
S 22 E of the center of the explosion area.

Camera targets consisting of boards 8 feet square having alter-
nating two feet s Luares wlere placed on lines thrcugh the center of the
explosion area and at right angles to the line of camera sight as
follows: 1,000 feet north; west and east; 1,615 feet south.

Crater and weather data are shown in Tables 2.20 and 2.21.

2.6 SpoE HE-6 (xO.22)

At 0800 PST on 2 October 1951, shot 12-6 consisting of 2560
pounds of ThNT was fired. As in previous shots, a considerable throw-ou
out was noted in the initial phases. A number of six to ten inch bould-
ers vias found up to 200 feet from the crater. A careful examination of
the photographic records will be require to differentiate the degree
of throv-out betwieen shots hE-5 and I-6 . The dust column rose to
between 600 and 700 feet in the first 10 to 15 seconds. At eight sec-
onds after the detonation a base surge was observed through the throw-
out. This surge was of less magnitude than those previously produced.
The actual travel, as a base surge, was something over 500 feet which
was reached in 50 seconds. The ultimatd height, as a base surge cloud,
was about 200 feet. The central plume remained above the base surge.
A horizontal shear was noted at an altitude of apzroximately 450 feet
with the surge cloud mving in one direction and the top of the plume
in another..

Camera stations were placed 5,000 feet east and 5,000 feet south

of the center point of the explosion area.

This information is reported in the report of jAIGIE Project 1(9)-4.

-23-
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TABLE 2.21

Weather Data, Shot hE-5 a

TIM - 07LLO T= 0815
Altitudeb  ;indc  I inda Ijf'dc  -indd

Direction Velocity Direction Velocity

Sitrface CaLrm Calm Calm Calm
1170 290 . 6 150 5
2310 190 14 180 10
3450 170 23 180 16
4560 180 24 190 26
5670 190 30 190 31
6750 200 33 190 32
7830 190 33 200 39
8910 200 29 200 47
9960 200 29

11,010 2.10 33

aTewperature at Ground Level - 560 F. Relative Humidity at Ground Level
was 51%.

TABIK 2.22

leather Data, Shot IM-6 a

___7 0TE - 00080
Altitudeb Uindc 'lindd indc

Direction Velocity Direction Velocity

Surface 180 4 180 141170 230 11 230 iO

2310 230 13 230 7
3450 210 7 230 18
4560 230 4 220 8
5670 2110 6 190 6
6750 210 5 190 7

aTemperature at Ground Level - 540 F. Relative Humidity at Ground Level
was 51%.

lbxpressed in feet above ground surface.
360 = N, 900 = E.

dIxpressed in miles per hour.
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E-6 was fired 75 feet N 230 W of the center of the explosion
area.

Camera targets consisting of boards 8 feet square having alter-
nating two feet squares were placed on lines through the center of
the explosion area nnd at right anles to the line of canera sight as
fcllows: 1,000 feet north,, vest and east; 1615 feet south.

Jeather and crater data are given in Tables 2.22 and 2.23.

2.7 sH-r, HE-7 (X c _-D 9)

At 0700 PST on 4 October 1951, shot iM-7 was fired. A large
column of dust was throin more than 1,000 feet in the air. At 20
seconds after the detonstion there was a feeble indication of a base
sutge in the throw-out area at the bttom of the column. The top of
the pltue started moving with the .jind and at 3 r.inutes sfter zero
time had drifted 5,000 feet with the wind. Cne hour after the shot
the remains of the dust cloud were still visible five to six miles to
the southwest.

Camera stations viere placed 5,000 feet east and 5,000 feet south
of the center point of the explosion area.

HE-7, 2560 pounds of TKT, was fired 150 feet west of the center
of the explosion area.

Camera targets consisting of boards 8 feet square having alter--
nating two feet squares were placed on lines through the center of
the explosion-area and at right angles to the line of camera sight
as follows: 1,OO feet north, south, east -und west,

Grater and weather data are given in Tables 2.Z and 2.25.

The base surge formation from shot HE-7 was so s.light that it
was not considered necessary to fire any additional shots to confirm
the curve given in Figure 1.1.

2.8 SHOT HE-8 (>-c=0.l8)

At 0700 PST on 13 October 1951, shot HE-3 was fired. The T
was an assembly of 216 pounds while the Pentolite weighed 177 pounds.
(See Figures 3.1 and 3.2.) The Pentolite explosion was of high order,
sending a slender coluiin of snIke and dust high into the air and pro-
ducing a magnificent smoke ring. A r*.inor base sarge was forned which,

to observcrs, appeared similar to that produced by shiot HE-6 i'th " -

0.22. The priraing was -ot ade.:uate on the T.:T portion of the test
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TABLE 2.25

S.Weather Data, Shot HE-7

TI 0655 .TIr- 0705

Altitudeb  Wirc Windd Windc Wind

Direction Velocity Direction Velocity

Surface Calm Calm Calm Calm,
1170 010 13 020 13
2310 020 15 020 15
3450 020 15 .020 15
4560 020 15 010 15
5670 020 11 020 8
6750 020 7 030 3
783 340 6 300 5
8910 320 8 280 10
996C 270 16

1i,010 270 24
12,030 280 28
13,020 280 31
14,010 280 42
15,000 280 50

aTemperature at Ground Level - 560 F. Relative Humidity - 16%.

TABLE 2.26

Weather Data, S,ot HE-881
TIME o655 TIME -0705

.Altitude Windc Wind c Wind Q
Direction Veloc it y Direction Velocity

Surface 140 3 080 6
720 0;0 7 010 7

1380 020 14 010 12
2040 030 15 020 12
2670 050 10 050 1 J
3700 050 0 0 Ii
3700 050 8 050 2i

aTemperature at Ground Level - 5e F. Relative Humidity - 51%.
*~ bExpressed in feet above ground surface.

c36 N, 90 : E.
%xpressed in miles per hour.
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TAM 2.Z7

Crater Data, Shot HE-S (Pentolite)

From North to South From East to West

Radial Apparent Real Radial Apparent Real

Distance Depth Depth Distance Depth Depth

24.0 0 0 23.0 0 0

15.5 -0.3 0.1 16.1 -0.1 0.1

13.0 -0.6 0.9 12.1 -0.3 0.1

11.2 -1.0 1.7 10.7 -0.9 1.7

8.4 0.6 2.2 8.5 0 2.7

5.1 2.3 3.4 5.5 1.9 3.7

4.0 2.6 3.8 4.1 2;7 3.8

1.6 3.3 3.6 3.1 2.8 3.5

0 3.3 4.3 1.6 3.2 3.7

2.0 3.1 4.3 0 3.2 4.3

3.0 2.8 4.0 1.8 3.4 4.5

6.3 0.9 3.0 4.0 2.6 4.2

8.5 0.1 3.3 5.3 2.3 4.2

10.9 -0.8 2.8 7.5 0.6 3.1

13.2 -0.1 0.3 9.3 -0.5 2.6

19.0 0 0 10.5 -0.7 2.2

14.7 -0.3 0.6

22.8 0 0 -
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and explosion of roughly one half of the charge resulted. Weather data
will be found in Table 2.26. The TNT crater was not measured but data
on the Pentolite crater will be found in Table 2.27.

For shot HE-8, the center point of the area was moved 1,000 feet
south of the center of the area used for shots HE-5, 6, and 7.

Shot HE-8 (TNT) was fired 100 feet east of the center of the ex-
plosion area and shot hEi-S (Pentolite) was fired 100 feet west of the
center of the explosion area.

One camera station was placed 4, 000 feet south of the cent er point
of the area. The camera targets (same type as used for HE-5, 6 and 7)
were located on an ,east-west line at right angles to the line of

q camera sight as follows: 500 feet east, center, and 500 feet west.

2.9 SHOT HE-9 (X =0.14)

At 0705 PST on 14 October 1951, shot HE-9 was fired. Both Pento--
lite and TNT produced high order explosions. The above ground activ-
ity appeared similar for both explosions. A considerable throw-out
was noted which produced a cloud around the base of the plume. The
cloud had some expansion and a careful examination of the photographic
records will be required to determine if there was any base surge can-
tribution, (Refer to JANGLE Report 1(9) - 4, "Base Surge Analysis for
HE Tests".) It is certain that a large plume remained above the base
activity. Crater and weather data are given in Table 2.28, 2.29 and
2.30.

Shot HM-9 was fired in the same explosion area used for hE-8.

Shot HE-9 (TNT) was fired 200 feet east of the center of the ex-
plosion area and shot HE-9 (Pentolite) was fired 200 feet west of the
center of the explosion area.

One carera station was placed 4,000 feet south of the center point
of the area.

The camera targets (same type as used for HE-5 through HE-8) were
located on an east - west line at right angles to the line of camera
sight as follows: 500 feet east, center, and 500 feet west.

•|2.10 S110''-F-IO (X -

At 1130 PST on 14 October 1951, shot HE-IO was fired. Both the
Pentolite and TNr produced high order explosions. A massive base
surge was produced by each explosion. The TNT produced what was
virtually 100 per cent base surge just as it was in shot HE-3. Some

-31 -
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TABLE 2.28

Crater Data, Shot HE-9 (Pentolite)

From North to South From East to West

Radial Apparent Real Radial Apparent Real
Distance Depth Depth Distance Depth Depth

18.4 0 0 18.6 0 0

12.9 -0.4 0.7 12.4 -0.4 0.7

10.5 -0.8 2.5 10.2 -0.9 2.6

9.9 -0.6 2.8 8.0 0.5 2.7

7.5 0.8 3.2 3.9 2.3 3.5

4.8 1.5 3.5 1.0 3.5 4.4

2.4 2.7 4.1 0 3.4 4.0

0 3.4 4.0 1.4 3.3 3.9

1.8 3.1 3.9 4.0 2.0 3.2

5.9 1.4 3.6 6.4 1.2 3.1

7.1 1.0 2.4 10.7 -1.2 1.8

10.2 -0.8 2.9 11.8 0 1.0

11.3 -0.5 2.5 16.0 0 0

13.0 -0.2 0.3

20.5 0 0

d
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TABLE 2.29

Crater Data, Shot HE-9 (TNT)

From North to South From East to West

Radial Apparent Real Radial Apparent Real
Distance Depth Depth Distance Depth Depth

17.5 0 0 18.0 0 0

12.9 -0.7 0 13.0 -0.3 0.5

10.3 -0.5 2.5 10.5 -0.7 2.5

7.9 0.1 2.1 9.7 -0.6 2.6

6.2 1.0 3.0 6.0 1.1 3.2

4.5 1.5 4.0 1.5 3.3 4.5

3.4 2.4 3.7 0 4.0 3.5

2.1 2.6 3.7 1.5 4.0 3.5

0.9 3.5 4.1 3.6 2.5 3.0

0 3.5 4.0 4.9 2.1 3.4

1.8 3.0 4.0 8.) 0.2 2.3

4.7 1.9 3.0 10.4 -0.7 1.5

6.1 1.7 2.7 13.9 --0.2 0.5

10.4 -0.6 1.9 22.0 0 0

12.7 -0.1 0.7

II 19.8 0 0____
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TAM5] 2.30

Weather Data. Shot HE-9 a  "

TINA 0700 TDM - 0710
Altitude h  Wnd €  Windd  Winde Wind d

Direction Velocity Direction Velocity

Surface 32.0 7 300 5
720 020 7 030 6

1380 040 9 0.50 9
2M4 060 9 060 9
2670 080 8 OSO "7
3300 090 6 100 6
3900 090 6 100 5
4500 090 4 100 4
5100 120 4

Temperature at Ground Level"- 480-' 1P..
Relative Humidity at Ground Level -6%

I

TANA 2.31

Weather Data, Shot HM-i0a

TIME 1128 T119 1133

Altitudeb  WindO Windd WindC wizd

Direction Velocity Direction Velocity

Surface 090 3 100 3
720 150 4 170 5,

1380 170 5 180 5
2040 180 6 180 6
2.670 170 5 170 6
3300 150 7 160 8
3900 150 8 160 10
4500 160 6 160 8
5100 160 6 1170 17 1

aTemperature at Ground Level 680 F.,
Relative Humidity at Ground Level -'55%.

b Expressed in feet above ground surface.
a 360°0 . , 90 °0 .E
d Z.xpreseed in miles per hour. 3

.
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TABLE 2.32

Crater Data, Shot hE-10 (Pentolite)

From North to South From East to West

Radial Apparent Real Radial Apparent Real
Distance Depth Depth Distance Depth Depth

22.0 0 0 23.2 0 0

16.2 -0.2 0.7 16.0 -0.4 0.1

13.2 -1.0 1.9 13.5 -1.0 0.5

12.1 -1.0 2.5 11.6 -0.7 1.5

9.7 0.2 2.7 8.1 2.0 2.8

8.6 1.7 2.9 4.4 3.5 4.1

6.3 2.6 3.8 2.3 3.7 4.7

5.6 3.4 4.3 1.7 4.1 4.8

3.9 5.0 0 4.1 5.4

2.1 5.0 5.2 1.5 4.5 5.3

1.1 3.5 5.4 4.4 3.4 4.6

0 1.1 5.5 5.4 3.1 4.2

0.9 -4.3 4.? 6.3 3.0 3.6

3.5 4.6 -. 4 1.8 2.7

5.2 3.4 4.3 9.8 0.3 2.8

10.2 -0.5 2.8 12.5 -0.9 2.0

11.7 -0.7 2.2 14.9 -0.4 0.1

15.2 -0.3 0.3 21.3 0 0

21.3 0 0
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TABLE 2.33

Crater Data, SIDt E-10 (TNT)

From North to South From East to 7est

Radial Apparent Real Radial Apparent Real
Distance Depth Depth Distance Depth Depth

22.0 0 0 21.,2 0 0

16.2 -0.2 0,3 19.0 -0.5 0.2

12.9 -0.8 3.0 16.9 -0.5 1.9

12.0 -0.? 3.0 13.0 -0.5 2.5

6.6 2.6 4.1 6.8 2.9 3.5

2.5 4.7 5.9 5.6 3.0 4.9

0 5.5 6.3 1.8 5.0 5.6

1.7 5.1 0'.1 5.5 6.3

7.2 3.3 3,6 1.4 4.9 6.4

.116 0.5 3.5 6.1 2.7 3,5

12.8 -0.8 2.6 10.5 0.7 2.9

17.2 -0.1 0.2 12.1 -0.8 2.4

26.5 0 0 13.3 -1.2 1.8

16.8 -0.5 0.3

124.0O 0 0
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minor plume remained, in the air above the Fentolite base surge. The
contribution to the surge was estimated by observers to be greater
than that produced on HE-5 vith'c=O.3. Weather and crater data are
given in Tables 2.31, 2.32 and 2.33.

Shot HE-1O was fired ML the ---me explosion area used for shots
HE-8 and 9.

Shot HE-1O (TNT) was fired 450 feet east of the center of the
explosion area. Shot iM-lO (Petolite) was fired 450 feet west of
the center of the explosion area.

One camera station was placed 4,000 feet south of the center of
the area.

I I The carera targets (same type as used for HE-5 through HE-9)
were located on an east - west line at right angles to the line of
camera sight as follows: 500 feet east, center, and 500 feet west.

I I I

101
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SECTION 3 I
RESULTS

.1RELATIVE GROUND ACTIVITY PRODUCED BY TNT AND PFENTOLITE

One is inclined toward a tentative conciusion that there is little

difference in the above ground activity produced by TNT and by Pelo-
lite, which occupied 76 per cent of the TNT volume (V =3823 in and
VP = 2936 in 3 ), when both explosives were fired wit 'Rhe center of

_. gfavity at the same depth.

3.2 EFFECTS OF SIZE OF CHARGE

Since the nuclear explosion will present virtually a point source
when compared to the equivalent energy of a 34 foot diameter ball of
TNT, an investigation of the effect of size was conducted. Three si-
multaneous explosions of 216 pounds of T1,T and the equivalent energy
in 177 pounds of Pentolite were conducted as showm in Table 3.1.

TABLE 3.1

Relative Energy of Pentolite and TNT

Shot Depth to X c Earth Cover Over Charge (inches)
c.g. (inches) TNT Pentolite

HE-8 13 0.18 3 4-1/8

HE-9 10 0.14 0 1-1/8

HE-1O 36 0.5 26 27-1/8

The T T charge was built up with 1, 5, 20 and 100 pound blocks as shown
in Figure 3.1. The vertical dimension of the charge was 20 inches.
The Pentolite charge was made up of two hemispheres having diaz.eters
of 17 and 3/4 inches as shown in Figure 3.2

3.3 OBSERVIM AND RECORDING DATA

All information on the above Tround action is based on eye w-itness
observations and is subject to modifications based on careful analysis
of the photographic data. Some comparative photographs of base surge
formation are shown in Figures 3.3 through 3.12. The Sandia Corpora-

- 38-
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tion, through Program Four, has been requested to make measuremexts' from
te 35a motion pictures of the various HS shots as follows:

a. Rte of rise of plume. Rate of descent into base strge.
b. Diameter of plume, at several elevations, as a functiox of time.
c. Time and location of first appearance of base surge.
d1. BadAial travel of base surge as a function of time.
e. Height of base surge as a functioL of time and distance.
f. from aerial pictures of Shot H-3, determine shape and volme ef

base surge as a function of time.

3,4 BEHVIOR OP BASM SURG AND ORATER SIZ P _NM

lacking the photogrsphic analysis, it is possible osly to make some
rouvh estimations as to the mechanism producing the base surge axd what
can be predicted to occur during the nuclear tests. It is certain that
some alnimv- density of soil is required in the plume in order to produze
the downward sweep of dust which, at ground level, moves outward as the
base surge. The density is produceL by blowing a large volume of earth a
relatively short distance up 4.nto the air. The closer the charge to thc:
surface (sraller values of >c), the smaller the crater and greater the
height of plume, hence, lower density and less base surge contribution.
Average crater contours are given in. igures 3.13 through 3.17 aid are
summarized in Tables 3.1 and 3.2. It is know from the work of Dr. Curtis
lompson and others that a large number of tests are required to obtain
data that is good to within 35 per cent, therefore, only generalities can
be obtaixed from this crater data.

Crater radii may be calculated from the following equation:- l.30 k'o (3.3-1)2
Where

R the radius in feet
0 0.4 (for c = 0.135)3
k n 11,000 (for a seismic velocity of 4,000 feet per secod)

A comparison of calculated and observed values of radii is Civen in
Table 3.2 and is plotted in Pigures 3.18 and 3.19. It will be noted that
there is some difference between the values of the crater radius as cal-
culated, strapolated from observed data, and that previously predicted in
the WINDSTOUM uandbook. A plot of ^,rater depth and lip height is given in
Zigure 3.20.

1This anAlysis is reported in Project 1(9)-4
The ffects of Atomic Weapons, Wasbingtox, GPO, June 1950, App. B, p. 421.

31bid., 7igure 29, p. 421.
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TABLE 3.2

Comparative Crater Data

2560 Pounds of TNT (14/ 3 -13.6)

Depth Cover Crater Volume (FO) Crater Depth Apparent
to Over (Feet) - Crater

c~g. Charge Xe Apparent Real Fall Back Real] Apparent' Radius
(inches) (inches) a b c c (Feet) d

o o.15 2200 4oo 3200 6=8 7.6 18.4

30 6 0.19 3300 6180 5400 6.7 8.6 19.0

36 12 0.22 3600 8800 7200 6.1 10.1 19.8

,8 24 0.30 4000 8700 7000 7.5 9.5 19.4

81.6 57.6 0.501 6000 7600 3000 10.8 .0 19.8

216 Pounds of TN and 177 Pounds of Pentolite e

Depth (inches) Crater Volume (Ft3) Crater Depth Apparent
Feet) Crater

Charge c.g. Top of Apparent Real Fall Back Real Apparenht Radius
Charge Xc a I b c c (Feet) d

P 10 1-1/8 0.14 290 1310 1020 4.0 3.4 8.6

TT 10 0 0.14 270 1120 980 4.0 3.5 8.3

P 13 4-1/8 0.18 380 1310 1130 4.3 3.3 8.7

P 36 27-1/8 0.5 520 1460 1330 5.5 4.1 9.6

TNT 36 26 0.5 860 2600 1370 6.3 5.5 11.3

a = Volum below original ground level.
b = Difference between real and apparent crater volume plus lip volume.
c = Depth from original ground level.
d = Radius at original ground level.

S= W1 13 =6
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TABLE 3.3

Observed and Calculated Crater Radii

w W1 /3 Radius in Feet

Calculated Observed

216 6 6.8 8.3

2560 13.7 15.5 18.5

40000 34.2 38.5 38,5

1 KT 126 150-

Xc = 0.135

C;
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SECTION 4

CONGLUSIOIIS AND REC01M DATIONS

4.1 GENERAL

From the information presented herein, the interested reader can
form his own opinion as to what can be anticipated from the nuclear
tests. The phenomenology is so complex that limited tests, based
primarily on eye witness observations, cannot lead to any clear cut
set of conclusions. However, the following guesses are the best that
the writer can make.

4.2 SURFACE NUCLEAR SHOT

a. A base surge appears very unlikely.
b. There will be a good sized cloud produced at ground level

by the passage of the air blast wave which may be mistaken
for a base surge.

c. Crater Radius 80-90 feet
Crater Depth 25-30 feet
Crater Area 25,000 feeta
Crater Volume 25,000 cubic yards
Lip Radius 170 feet
Lip Height 7 feet
Maximum Altitude of Cloud 12,000 feet

4.3 UNDERGROUND NUCLEAR SHOT

a. There will be a considerable throw-out at the base of the
plume which may be mistaken for a base surge.b. The probability of a base surge appears very small. If a

base surge forms the magnitude will be small.
c. A ground level dirt cloud will be produced by the air blast

wave buL wll probably not cause as much interference with
photography as that which occurred at GREEN!OUSE.

d. Crater Radius 140-150
Crater Depth 50-6O feet
Crater Area 60,000 feett

,"Crater Volume 60,000 cubic yards
Lip Radius 375 feet
Lip Height 14 feet
Maximum Altitude of Cloud 6,000 feet

e. Since it is an observed fact that the crater diameter is a

- 56
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readily scaled parameter for underground TNT explosions,
then tihe immediate observation (photographic .or otherwise)

,. of the underground crater diameter may be a simple and re-
•liable method for determining equivalent TNT mechanical yield

of the nuclear weapon.

4.4 RECOMUMDATIONS

Of douree if predictions were always right there would be no
need for experimental programs and field tests. The writer is inclined
to believe that the firing of one underground and one surface atomic
weapon will not give sufficient information on which to make reli-
able predictions for either offensive or defensive planning. A large
number of well planned HE tests, all required to lead into a smaller
number of nuclear tests, are necessary in order to produce reliable
results.
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